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ABSTRACT 

Various unit processes were evaluated at the Strathroy, Ontario, 
lagoon for the purpose of upgrading conventional lagoon effluent quality. 
Systems to reduce both the suspended matter and also the soluble components 
were used. Unit processes investigated included phys i cal -chemi cal treat- 
ment followed by filtration, air flotation, microst ra i n ing and the rotating 
biological contactor. 

It was found that a suitable system for upgrading lagoon effluent 
quality would involve a rotating biological contactor for annnonia nitrogen 
and soluble BOD reduction, followed by chemical coagulation-sedimentation 
and multimedia filtration. 



RESUME 



Le basstn de stabilisation de Strathroy (Ontario) a servi 3 
^valuer divers precedes destines H am6l iorer la quality des effluents des 
bassins de stabilisation ordinaires, Les methodes mises 3 I 'essai ont 
reduit les matiSres en suspension de m§nie que les substances dissoutes. 
Elies comportaient un traitement phys ico-chimique suivi d ' une filtration, 
d ' une flottatlon aer6e, d'un microtamisage et d ' une ^puration au moyen de 
disques d'aferation bactferienne. 

On a 6tabli que 1 'emplor de ces disques pour rfeduire I 'azote 
ammoniacal et la DBO des matiSres dissoutes, suivi d'une coagulation et 
d'une d^cantation chimiques ainsi que d'une filtration progressive, 
reussissait 3 ameliorer la quality des effluents. 
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1. INTRODUCTION 

Throughout the Province of Ontario, and especially In South- 
western Ontario, lagoons or waste stabilization ponds serve as the 
wastewater treatment facility for a large number of the smaller com- 
munities. Most of these municipalities are located on small tributary 
streams which offer little dilution of effluent during summer months. 

In many cases, in order to reduce the impact of the lagoon 
effluent on the receiving stream during the low flow period, continuous 
flow lagoons have been converted to seasonal discharge systems. This, 
however, effectively reduces the treatment capacity of the lagoon because 
of the required minimum l80-day retention period to facilitate twice per 
year discharge. 

The objective of this study was to determine if the effluent 
quality of a standard lagoon could be significantly improved by the 
addition of a post treatment unit (or units) at the effluent end of the 
system, thereby eliminating the need for seasonal discharge. A standard 
lagoon may be defined as a continuous discharge system of one or more 
cells, having a combined detention time of approximately 120 days and an 
organic loading of 22 l<g BOD/ha/day (20 lb BOD/acre/day) . The expected 
effluent quality from such a system is 20 mg/1 biochemical oxygen demand 
(BOD)-' and suspended solids (SS) , and about 5 mg/1 ammonia and phosphorus. 

The site selected for this study was the Strathroy, Ontario, 
lagoon system located in Middlesex County, treating the waste from the town 
of seme 7000 people „ 

In order to identify any changes in lagoon effluent quality due 
to seasonal variations, the program was scheduled to begin in the fall of 
IS?'* and to continue for one full year. Equipment delivery and start-up 
problems delayed the project until January 1975, however, resulting in a 
comprehensive eight-month study of unit processes with a preliminary period 
being used to install flow monitoring and sampling equipment, investigate 
waste quality and quantity, and conduct jar tests on the lagoon effluent 
with prime coagulants and/or a suitable polyelect rol yte. 

•: 60D values reported in this paper are five-day biochemical 
oxygen demand values. 
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FIGURE 1. AERIAL VIEW OF THE STRATHROY LAGOON 



I . 1 Description of Strathroy Lagoon 

The Strathroy lagoon, selected as the site for this study, is a 
two-cell conventional waste stabilization pond system. The north cell has 
a surface area of 15 hectares (38 acres) and the south eel I approximately 
12 hectares (30 acres) (See Figure I); each has the standard liquid operat- 
ing depth of 1.52 metres. 

The lagoon system is fed from a main pumping station, and the 
flow is split between the two cells for parallel operation. 

Initial flow and sewage strength determinations indicated the 
system to be both hydraul i cal ly and organically underloaded. Therefore, 
for purposes of this study, all flow was directed to the north cell. 
Loadings on this ceil are outlined in Section 3.1. 

The lagoon discharges through an effluent line directly to the 
Sydenham River. 
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2. UNIT PROCESS DESCRIPTIONS 

A brief outline of each of the unit processes investigated is 
presented below. It should be noted that all facilities were installed 
within a 12 metres square prefabricated building heated to maintain a 
minimum inside temperature of ^ to 6 C. 

2. I Suspended Solids Removal 

As it is well recognized that the major pollutional components in 
a lagoon effluent are associated with suspended solids materials, systems 
to effect removal of suspended matter were considered first. Three types 
of suspended solids removal systems were investigated: chemical coagula- 
tion and sedimentation followed by filtration, air flotation, and mlcro- 
stralning. 

2.1.1 Physical -chemical system 

In order to investigate the chemical coagulation and precipita- 
tion process, a Microflow Recla Mate SWB-10 pilot plant unit was obtained, 
on loan, from Neptune Microflow. The system incorporates flash mixing, 
f locculat ion , sedimentation and effluent polishing by multimedia filtra- 
tion. The nominal capacity of the unit is 10 Igpm, providing one minute 
flash mixing, ten minute fiocculation and 22 minute sedimentation with tube 

settler units. Filtration was carried out with anthracite and sand in a 

2 12 

0.2 m filter bed with a nominal feed rate of \k.J m /m /hr (5 

2 
gpm/ft ). Automatic bacltwash, triggered by a headlosscf about 2.2 

metres of water across the filter was carried out at a rate of 50 

3 2 2 12 

m /m /hr (17 gpm/ft ), followed by a surface wash at 5.9 m /m /hr 

2 
(2 gpm/ft ). The pilot plant unit was fed from the lagoon effluent 

tfi rough a constant flow device. 

2.1.2 Flotation eel 1 

A small dissolved air flotation cell test unit was obtained, on 

loan, from Komi i ne-Sanderson. Combining a variable recycle rate and an air 

•J 2 

supply of approximately kj.l cm /sec (0.10 SCFM) at 5.27 kg/cm (75 

psig), the unit had a nominal capacity of from 1.1 to 11.^ 1/m with a 

2 
0.1 m flotation zone. 



2.1,3 Microstrainer 

A pilot microstrainer was obtained, also on loan, from Crane 

Canada Limited. It was a Crane-GJenf ie Id microstrainer with a 0.8 m 

2 
diameter x 0,8 m long rotating drum with a surface area of about 1.86 m . 

The pilot microstrainer had a 23 micron (Mark 0) stainless steel cloth, and 

had a nominal capacity of 1 36 l/min (30 gpm) for suspended solids 

removal . 

2.2 Soluble Components Removal 

Studies were also carried out to reduce the soluble pollution 
components of the lagoon effluent, namely ammonia nitrogen, phosphorus and 
soluble BOD. Chemical addition was used for phosphorus removal and two 
alternate biological systems were used to reduce anmonia and soluble BOO 
concentrat ions. 

2.2.1 RbC - Bio-Surf 

This rotating biological contactor (RBC) unit is supplied by 

Autotrol Corporation and is known as the Bio-Surf system. The test unit 

2 

had a total active disc surface area of 23 m consisting of four sections 

of polyethylene discs with a common shaft rotating at 13 rpm. The semi- 
cylindrical container of 162 litres provided a detention time of 1 hour and 

3 2 2 

'♦5 minutes at a flow of 5.9 m /hr/gm (2 gpd/ft ) disc area. 

2.2.2 RBC - Bio-Drum 

This rotating biological contactor was supplied, on loan, by 
Prospereau Corporation Lt6e. and is called the Euro-matic Bio-Drum. The 
system consisted of a drum filled with plastic balls rotating in an open 

tank. The test unit had a drum volume of I m, filled with 38 mm diameter 

2 
plastic balls providing a total surface area of 12.5 fn . The drum 

rotated at 10 rpm in a 1.6 m tank. 



3. UNIT OPERATION AND DISCUSSION OF RESULTS 
3. ! General 

During the study, raw sewage samples were collected every three 
days using a flow proportioning 24-hour composite sampler. Flow measure- 
ment was accomplished using a V-notch weir and an integrating recorder 
which was read daily. The flow was checked daily against calibrated pump 
running times, the two techniques of flow measurement providing almost 
identical numbers. Raw sewage data are summarized in Table 1. 

The detention time of the lagoon was calculated based upon the 
recorded flow and the calculated lagoon volume, and the monthly averages 
are presented in Figure 2. A minimum detention time of 86 days occurred 
during the spring runoff period in Karch, with a maximum detention of 110 
days during July. The average detention time was 100 days which is 
slightly lower than the accepted standard of 120 days. 

As seen from Figure 2, the organic loading on the Strathroy 
lagoon rose from a low of 18 kg BOD/ha/day (16 lb BOD/acre/day) during 
April and July to a high of 30 kg/ha/day during May. The loading during 
the study period averaged about 23 kg/ha/day (21 Ib/acre/day) as the total 
raw sewage flow was directed to the north cell (38 acres). 

In general, it can be said that for this study the Strathroy 
lagoon was operating at its design organic loading and only slightly 
greater than Its design hydraulic loading. It was felt that this system 
adequately represented the "standard" wastewater treatment lagoon. 

The effluent quality from the lagoon is shown In Figures 3, 't, 5, 
8 and 9. Effluent data are summarized in Table 1. 

As expected, the variation in effluent BOD and SS was quite high, 
with BOD ranging from a maximum monthly average of 22 mg/l in April to a 
minimum of 12 mg/l in May. The suspended solids ranged from 12 mg/1 to ^7 
mg/l. Figure 8 shows a high winter phosphorus level of 5.2 mg/l, with a 
minimum value of 2.6 mg/l in May. The effluent ammonia values. Figure 9, 
show a similar seasonal variation from 10,5 mg/i in March to a minimum of 3 
mg/l in June. 

An unexpected result is shown in Figure 3 where the soluble BOD 
shows only a slight seasonal variation between 3*5 and 7 mg/l. It had been 
expected that high seasonal variations in soluble BOD would be experienced 



TABLE 1. SUMMARY OF LAGOON FLOW AND INFLUENT AND EFFLUENT 
DATA '^ 
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FIGURE 2. LAGOON LOADING AND DETENTION 
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FIGURE 3- LAGOON EFFLUENT TOTAL AND SOLUBLE BOD 



because of the low winter operating temperature and the long period of ice 
cover . 

Dissolved oxygen (DO) levels in the lagoon effluent were always 
high at £j to 12 mg/1 as long as the lagoon was free from ice. During the 
winter low DO levels (less than 1.0 mg/l) and sulphide odours were evident 
In the effluent stream, the effluent withdrawal point being located appro- 
ximately 0.5 ^ from the bottom of the 1.5 m deep lagoon. 

3.2 Suspended Solids Removal 

3.2.1 Phys ical-chemi cal system 

Through the use of prime coagulants to enhance solids removal, 
the Recla Mate pilot plant system was used as a means of phosphorus 
precipitation as well as for SS removal. In order to establish optimum 
chemical additions for the system, standard jar tests were carried out on 
the lagoon effluent several times per month. The response of the effluent 
to chemical addition tended to vary rather markedly throughout the period 
of study. The optimum chemical dosage varied by up to plus or minus 40?; 
within a two to three-day period. It was felt that the large changes in 
coagulation response were due to the changes in algae concentration within 
the lagoon and the resultant pH changes. 

Because of the rapidly changing coagulation characteristics of 
the effluent, it was at times difficult to control the microfloc system and 
thus optimum performance was not always maintained The pilot unit was 
operated continuously (2k hours per day) throughout most of the study 

As seen in Figures 4 and 5, reasonably consistent effluent BOD 
and SS levels were maintained from the microfloc unit. The BOD values 
ranged from a low of 6 mg/l to a high of 9 mg/l. By comparing the soluble* 
BOD of the lagoon effluent shown in Figure 3 and the microfloc effluent BOD 
shown in Figure h, it is obvious that the microfloc system, when properly 
operated, can produce an effluent with a BOD approaching the soluble BOD 
level quite consistently. 

This is confirmed by the SS removal capability shown in Figure 5. 
In spite of the high feed SS levels in April, the effluent from the unit 
contained less than iO mg/l SS at all times when followed by the dual media 
filter. Total phosphorus removal to less than 1 mg/l P was also consis- 
tently achieved (Figure 8). 

IP 



30 r 



20 



ID 



CD 
CO 



10 




M 



A 



'A 



A 



1975 



FIGURE k, MICROFLOC PERFORMANCE - BOD REMOVAL 
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FIGURE 5. MICROFLOC PERFORMANCE - SUSPENOED SOLIDS REMOVAL 



operation of the multimedia filter section of the unit was 
assessed on a separate basis with both filter feed and effluent being 

monitored. Figure 6 demonstrates that when running the filter at a 

3 2 
constant feed rate of i^*.? m /hr/m (5 gpm/ft) and a fixed terminal 

head loss of 1.5 m of water, a definite relationship exists between the 

filter feed suspended solids level and the duration of the filter run. As 

the feed SS approached 30 mg/1 the filter run time dropped off to less than 

two hours. Thus, in order to ensure reasonable filter run times, prior 

coagulation and sedimentation of the effluent for SS reduction is 

requi red. 

Figure 7 shows a poorly defined relationship between filter 
influent and effluent SS. 

It can be concluded that a coagulation, sedimentation and 
filtration system can effectively convert a conventional lagoon effluent 
into a high quality effluent with BOD and SS levels below 10 mg/1 and less 
than 1 mg/1 total phosphorus. In such a system, however, no ammonia 
conversion or reduction can be expected, with effluent ammonia levels 
remaining high at from k to 10 mg/1. 

3.2.2 Flotation eel I 

The flotation unit was operated from March to July at flows 
ranging from 19.6 to 152 l/min, with and without coagulant aid addition. 
Some '♦O runs were made using various coagulant aid dosages. 

The results achieved indicated highly scattered effluent data for 
both BOD and SS removals, with percentage removals ranging from to ()k% 
and negative to 77%, respectively. Although various coagulant chemicals 
and dosages were used, no one series outperformed the remainder. At any 
given coagulant dose, however, as would be expected, Increasing flow rate 
resulted in a deterioration of effluent quality. Good phosphorus removals, 
to less than 1 mg/1, were achieved by prime coagulant addition. 

As operated, this flotation unit was not capable of producing 
consistently the high quality effluent desired. 

3.2.3 Microst rai ner 

The pilot microstrainer was used to treat the lagoon final 
effluent for a three-month period from July to September during which 
period high algal concentrations were prevalent. Initial results without 
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FIGURE 7. MULTIMEDIA FILTER PERFORMANCE - SUSPENDED SOLIDS REMOVAL 



the addition of prime coagulants resulted in SS reductions of from 20 to 
S0%, and in BOD reductions of from 10 to 20'o= in an attempt to improve the 
solids removal efficiency of the unit, coagulation of the feed with alum or 
ferric chloride and polyelectroiyte was attempted. An intermittent impro- 
vement in solids capture was noted, with some runs achieving as high as 70? 
5S removal to 7 mg/l, but also with many runs showing a negative removal. 

In either operating mode the microst rai ner was not capable of 
producing the high quality effluent desired in this study. Its erratic 
performance and frequent need for batch cleaning with chlorine solution to 
improve its hydraulic capacity made it an unsuitable system for the polish- 
ing of lagoon effluents, 

3.3 Soluble Components Reduction 

As stated in Section 2.2, attempts were alsorade at reducing the 
soluble BOD and ammonia nitrogen levels of the lagoon effluent. As each 
pound of ammonia nitrogen in the lagoon effluent exerts an oxygen demand of 
2^0 kg CIpS lb) on the receiving stream, conversion of ammonia nitrogen to 
nitrate is desirable^ The objective of ammonia reduction in this study was 
to reduce the effluent level of from 'i to 1 mg/l to less than 1 mg/li, 

Figure 9 shows that the effluent ammonia level varied seasonally 
from a high of 10 mg/l in March to a low of h mg/l in June. This variation 
is likely due to the reduced atmospheric losses of ammonia during the 
winter due to ice cover. Direct losses of ammmonia nitrogen to the 
atmosphere are likely, since during optimum algal growth periods the lagoon 
pH level frequently rises to 10 or more. At this pH level, ammonia exists 
primarily in the more volatile nonionic NH form. 

Pilot work for soluble BOD removal and ammonia nitrogen reduction 
centred around biological conversion using the Rotating Biological Contac- 
tor (RBC) system. Two types of contactors were used as described in sec- 
tions 2.2.1 and 2„2„2. 

3-3-1 RBC ~ Bio-Surf 

The Bio-Surf unit was started in January at a low flow rate of 

■? 2 2 

1.5 m /hr/m (0.5 gpd/ft ) of active surface area. Lagoon effluent 

was used as the feed. As can be seen from Figure 9, a three-month start-up 

period was required before adequate nitrification occurred. This extended 

start-up period was likely the result of the very low {h C) lagoon 
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FIGURE 8. MICROFLOC PERFORMANCE - PHOSPHORUS REMOVAL 
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FIGURE 9. BIO-SURF PERFORMANCE - AMMONIA CONVERSION 



effluent temperature experienced throughout the start-up period. From 

mid-April to the end of May the flow was doubled on four occasions, 

3 2 2 

bringing the final flow rate to 23.5 m /hr/m (8 gpd/ft ). At this 

flow rate a slight deterioration in the Bio-Surf effluent amn»nia levels 
was noted, with an increase from 0.3 mg/1 to 0.9 mg/1, but still below the 
objective level. This flow was maintained throughout the summer, with 
consistently good ammonia conversion being attained at operating 
temperatures of from 18 to 20 C. 

Table 2 shows the effluent values and removal efficiencies of the 
Bio-Surf unit for total and soluble BOD, SS, total phosphorus, and ammonia 
nitrogen for the final 13 weeks of operation. Approximately 20% reductions 
in both BOD and SS were noted, while virtually no reduction In total 
phosphorus was achieved. Effluent ammonia nitrogen levels remained 
relatively constant at 0.3 to 0.9 mg/1. 

The SS level of the Bio-Surf effluent was fairly high, averaging 
26 mg/1, and attempts to settle the solids in the effluent, even after 
quiescent conditions for two or more hours, were unsuccessful. 

3.3.2 RBC - Bio-Drum 

This RBC unit was used to study ammonia conversion of lagoon 
effluent for the two-month period from the end of July to the end of 
September. The results of this study for the final five weeks of operation 
are shown in Figure 10, with average effluent and removal data presented in 

Table 3- 

3 2 

The unit was started up at a low loading of 10.3 m /hr/m 

2 2 

(3.5 gpd/ft ) and increased over a three-week period to 26. 't m3/hr/m 

2 

(9 gpd/ft ). With respect to the ammonia conversion, the unit operated 

well at this flow rate with no evidence of a deteriorating effluent quality 

for the duration of the study, the start-up period being significantly 

shorter than the cold weather start-up of the other RBC unit. 

Wtih respect to BOD, SS and total P removal, this unit also 

provided little change in these parameters, as seen In Table 3. There was, 

however, a significant reduction {kj%) in soluble BOD, indicating that with 

the provision of good clarification, BOD levels of under 5 mg/1 appear to 

be quite attainable. 
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TABLE 2 BIO-SURF EFFLUENT DATA^'- AND REMOVAL EFFICIENCIES AFTER 
FIVE WEEKS OPERATION 



Parameter 




influent 


Effluent 


% Remova ! 


BOD 




17.4 


13 


25 


Soluble BOD 




6.2 


4.6 


26 


SS 




33 


26 


21 


Free Ammonia 


N 


4.6 


0.5 


89 


Total Kjelda 


b) N 


9.2 


3.5 


62 


Nitrate N 




0.4 


4.6 


— 


Tota! P 




3.4 


3.4 






A1 1 un I ts in mg/1 . 



TABLE 3 BIO-DRUM EFFLUENT DATA''' AND REMOVAL EFFICIENCIES AFTER 
THREE WEEKS OPERATION 



Parameter 




Influent 


Effluent 


% Removal 


BOD 




22 


19 


24 


Soluble BOD 




6.4 


3.4 


47 


SS 




35 


29 


17 


Free Ammonia 


N 


4.2 


0.1 


98 


Total Kjelda 


bl N 


9.5 


4.2 


56 


Nitrate N 




0.3 


3.3 


-- 


Total P 




3.5 


3.2 


1. 



All un i ts in mg/1 
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FIGURE 10. BIO-DRUM PERFORMANCE - AMMONIA CONVERSION 



if CONCLUSIONS 

From the results obtained during this study, it was concluded 

that the Strathroy lagoon, in its present design, should be capable of 

achieving an acceptable secondary effluent quality at a raw sewage flow in 

■J 
excess of kS^b m-^/day (1.0 mgd) with both cells being operated In 

parallel. This, of course, assumes that the waste strength does not exceed 

the present level. 

Conclusions regarding the unit processes investigated for lagoon 

effluent upgrading are presented below. 

4, 1 Suspended Solids Re nova I 

Of the units evaluated for SS removal, only the physical -chemical 
system was found to be capable of consistently producing an effluent of 
less than 10 mg/I SS and BOD, and, with the addition of a suitable prime 
coagulant, a total phosphorus level of less than 1 mg/1 as P. 

The effluent obtained from the flotation cell was very inconsis- 
tent in both BOD and SS levels, and it was concluded that, even with coagu- 
lant addition, the system was not capable of producing the high quality 
ef f 1 uent desi red. 

Similarly, the microst ra iner provided highly erratic treatment 
which, together with the frequent need for batch cleaning, made it an 
unsuitable system for lagoon effluent treatment. 

The RBC units had virtually no effect on total BOD or total 
phosphorus. In fact, the relatively high SS in the effluent (22 to 26 
mg/1) was found to be extremely difficult to settle out without the use of 
coagulant aids, 

^.2 Soluble Components Reduction 

Studies with the two RBC units indicated that during the critical 
summer period lagoon effluent ammonia nitrogen levels can be effectively 
reduced to less than 1 mg/1 using RBC equipment operating at hydraulic 

loading well in excess of that recommended for sewage treatment. Hydraulic 

3 2 2 

loading rates of 23 to 29 m'^/hr/m (8 to 10 Igpd/ft ) may be used. 

For amnxjnia reduction, start-up periods of approximately three weeks may be 

expected. Soluble BOD levels were reduced somewhat by the RBC units. 
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Because of the poor settling nature of the effluent solids from 
the RBC unit, some coagulation-sedimentation system will be required for 
high SS removals. 
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5. RECOMMENDED SYSTEM AND COSTS 

Based on the data collected during an eight-month study at the 
Strathroy lagoon, an effective post treatment system for upgrading lagoon 
effluents is outlined below. Such a system should be capable of producing 
an effluent during the summer period containing less than 8 mg/1 of BOD and 
SS, and less than I mg/I total phosphorus and ammonia nitrogen. Such an 
effluent would have a maximum oxygen demand of 12.5 n>g/l DO on the receiv- 
ing stream. The system proposed incorporates a rotating biological contac- 
tor, flash mixing and f locculator-clari f ier facilities, and a mixed-media 
filter. A line diagram giving basic design parameters is shown in Figure 

Because of the large volume of a lagoon, it would be possible to 
operate such a post treatment system at a fixed rate for extended periods 
of time. This should eliminate the need for overdesign to handle maximum 
daily hydraulic loads, and should make the entire operation simpler and 
more consistent. Considerable manpower would be necessary for operation 
control because of the need for continuously monitoring the effectiveness 
of the chemical system, since day to day variations can be expected. 

If winter operation is required, the system should be totally 
enclosed to maintain a temperature of at least k C. Studies would have 
to be conducted in order to determine the level of ammonia conversion 
obtainable during the winter period. Ammonia conversion may very likely, 
however, not be a requirement during the winter. 

The costs associated with this system are presented in Table k. 
Capital costs quoted are estimated installed costs for the equipment, and 
operating costs include power, chemicals, maintenance and labour. The 
costs do not include power supply or housing facilities. 

in view of the fact that adaption of this system to existing 
lagoons would allow further expansion of municipalities located on marginal 
receiving streams, the costs presented may well be justified in many 
Instances. 
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BASIC 

DESIGN 9 GPD/fT^ 
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FIGURE II. PROPOSED LAGOON EFFLUENT UPGRADING SYSTEM 
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TABLE i* COST - RECOMMENDED SYSTEM 



1 MGD 10 MGD 

Unit Process Operating Capital Operating Capital 

</l,000 gal Sxi.OOO C/I ,000 gal $xl .000 



RBC -•< 3 80 2.5 220 

Clarification -v-'c f 125 7-5 1,250 

Filtration -■-a g 22^+ i 998 



From Napier-Reid Limited, Toronto. 



Based on data from Robert Smith "Cost of conventional and advanced 
treatment of wastewater". WPCF Vol. kO, No. 9. 1968 adjusted to 
ENR Construction Cost Index of 2200, 1975. 
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